A spectrophotometric method with 3-methyl-2-benzothiazolone hydrazone hydrochloride was developed for the determination of pyridoxal and pyridoxal 5'-phosphate, and for the selective determination of each in the presence of the other. Pyridoxal and pyridoxal5'-phosphate react with the reagent to yield the azine derivatives, which give characteristic absorption spectra. The highest extinction values are obtained when pyridoxal and pyridoxal 5'-phosphate are incubated at pH values of about 3-4 and 8-0 respectively; their maxima are at 430nm. (e 2-74 x 104) and 380nm. (e 2-24 x 104) respectively. The azine of pyridoxal is only slightly soluble under the neutral and alkaline conditions, whereas that of pyridoxal 5'-phosphate is substantially insoluble in the acid pH range. This difference in solubility of the azines made possible the selective determination of pyridoxal and pyridoxal 5'-phosphate. a-Oxoglutarate and pyruvate are among the substances shown not to interfere with the assay of pyridoxal; their derivatives absorb appreciably only at wavelengths below 420nm. For the assay of pyridoxal 5'-phosphate in the presence of these compounds measurement at 390nm. is necessary.
Among several forms of naturally occurring vitamin B6, pyridoxal and pyridoxal 5'-phosphate function as the most active forms for a variety of chemioal and enzymic reactions, as reviewed by Guirard& Snell (1964) andMeister (1965) . Anumber of chemical, microbiological and enzymological methods have been presented for the determination of these compounds (Storvick, Benson, Edwards & Woodring, 1964) . However, few procedures are available for the selective determination of each in the presence of the other. Wada & Snell (1961) have devised a method for the determination ofpyridoxal and pyridoxal 5'-phosphate with phenylhydrazine. The reaction at 00 under acidic conditions enabled pyridoxal 5'-phosphate to be specifically determined in the presence ofpyridoxal, because ofthe very low reactivity of the latter. This method, however, is not easily applicable to the micro determination of pyridoxal 5'-phosphate in the presence of excess of pyridoxal. Sawicki, Hauser, Stanley & Elbert (1961) developed a sensitive colorimetric method for the determination of aliphatic aldehydes with MBTH.* Paz et al. (1965) reported that MBTH reacts with various carbonyl compounds to yield the azine or 'osazine' derivatives, and that these derivatives have characteristic spectra that perrnit their * Abbreviation: MBTH, 3-methyl-2-benzothiazolone hydrazone hydrochloride.
identification. Recently a sensitive and simple spectrophotometric method for the determination of a-oxo acids, D-amino acids and D-amino acid oxidase activity with MBTH has been established (Soda, 1967 (Soda, , 1968 .
We now present a spectrophotometric method with MBTH for the determination of pyridoxal and pyridoxal 5'-phosphate, and for their selective determination. (C) Determination of pyridoxal in the presence of pyridoxal 5'-phosphate. In addition to pyridoxal hydrochloride pyridoxal 5'-phosphate (less than one-tenth of the amount of pyridoxal hydrochloride) was contained in a reaction mixture similar to that described in procedure A. After incubation as described above, the mixture was centrifuged at about 1$OOg for 5min. and the E430 of the clear supernatant was measured.
MATERIALS AND METHODS
(D) Determination of pyridoxal 5'-phosphate in the presence of pyridoxal. The reaction mixture containing pyridoxal 5'-phosphate and pyridoxal was incubated as described in procedure B, and centrifuged at 1500g for 480 5min. to remove the precipitate formed. The E380 of the supernatant was measured. Paz et al. (1965) and by Hauser & Kolar (1968) , are probably pyridoxal-3-methyl-2-benzothiazolyl azine and pyridoxal 5'-phosphate-3-methyl-2-benzothiazolyl azine, formed by the coupling of an aldehyde group of the vitamin B6 compounds with the reagent.
Pyridoxal and pyridoxal 5'-phosphate were allowed to react with MBTH in buffers ofvarious pH values. With pyridoxal the highest extinction was obtained by incubation in sodium acetate-acetic acid buffer, pH 3.4 or 3-6 ( Table 1 ). The absorption maximum (430nm.) did not shift on varying the pH from 1 0 to 3 8. The reaction of pyridoxal with MBTH at pH values above 4 0 resulted in the formation of light-yellow precipitates. The supernatants obtained by centrifugation had negligibly small absorption spectra, one of which is shown in Fig. 1 (curve C). With pyridoxal 5'-phosphate, however, the highest extinction was obtained by incubation at pH 7-8 or 8 0, and the absorption maximum was at 380nm. The MBTH derivative of pyridoxal 5'-phosphate was slightly soluble at pH values below 4 0, and the resultant supernatant showed an extinction several per cent of that of pyridoxal azine obtained under the same conditions (curve D in Fig. 1 , and Table 1 ). Thus the optimum pH values for the determination of pyridoxal and pyridoxal 5'-phosphate were about 3-4 and 8'0 respectively. Sodium acetate-acetic acid buffer, pH3 4, was adopted in the standard mixture, since the colour intensity of the pyridoxal-MBTH derivative was greater than when sodium acetate-hydrochloric acid buffer was used. Substitution of phthalate (Fig. 2) . The final colour intensity was stable for at least 5hr. at 50°. However, the reaction of pyridoxal 5'-phosphate with . 1 /fl p 5:1 MBTH proceeded extremely rapidly (Fig. 3, curve  A) , the extinction reaching a maximum within 2 min. even at 250. The colour was stable for at least 12hr. at 25°and for at least 3hr. at 500. The much faster reaction of pyridoxal 5'-phosphate than of pyridoxal probably reflects the fact that pyridoxal primarily exists in the form of a hemiacetal under acidic conditions, as mentioned previously (Metzler & Snell, 1955; Wada & Snell, 1961) . Range of usefulnews of the method. Plots of extinction against the amount of pyridoxal and pyridoxal 5'-phosphate in the range 0 01-0 2,umole were linear. The molecular extinction coefficients of pyridoxal azine and pyridoxal 5'-phosphate azine were found to be 2-74 x 104 and 2-24 x 104 respectively under the standard conditions. In a series of 15 assays on different samples of pyridoxal or pyridoxal 5'-phosphate the precision range was + 3%.
Selective determination of pyridoxal and pyridoxal 5'-phosphate. As described above, both pyridoxal and pyridoxal 5'-phosphate react with MBTH to produce the azines quantitatively under the appropriate optimum conditions. When pyridoxal, for the determination of which the optimum pH is about 3 4, is incubated with MBTH at the alkaline pH, the azine compound formed is substantially insoluble. On the other hand, pyridoxal 5'-phosphate, whose determination is carried out at pH 8-0, reacts with the reagent at the acid pH to yield the slightly soluble azine. This difference in solubility of the azines permits the selective determination of pyridoxal and pyridoxal 5'-phosphate. Pyridoxal 5'-phosphate was specifically determined by procedure D in the presence of as well as in the absence of pyridoxal. Since pyridoxal 5'-phosphate azine is not completely insoluble at pH 3-4, its presence affects the determination of pyridoxal. The colouir intensity of pyridoxal azine (0. 1 ,mole) was increased by about 7% by the addition of the same amount of pyridoxal 5'-phosphate, but if the amount of pyridoxal 5'-phosphate is less than onetenth of that of pyridoxal its influence is negligible.
The method of Wada & Snell (1961 ) for the selective determination of pyridoxal 5'-phosphate in the presence of pyridoxal is based on the difference in reactivity with phenylhydrazine. As shown in Fig. 3 , pyridoxal 5'-phosphate reacted much faster with MBTH than pyridoxal. This difference in the reaction rate also enables pyridoxal 5'-phosphate to be selectively determined in the presence of pyridoxal. When the extinction of pyridoxal 5'-phosphate azine formed at 250 was measured within 120-180sec. of incubation, pyridoxal 5'-phosphate could be determined without serious interference from pyridoxal (curve C in Fig. 3) , especially if the amount of pyridoxal also present was less than one-fifth of that of pyridoxal 5'-phosphate.
Interfering 8ub8tance8. None of pyridoxine, pyridoxamine, pyridoxamine 5'-phosphate, D-and L-alanine, D-and L-glutamic acid, glycine, D-and L-lysine, L-methionine, D-and L-phenylalanine, glutaric acid, citric acid, succinic acid, sodium chloride, potassium chloride, ammonium sulphate and magnesium chloride (1.0 ,umole) interfered with the assay of pyridoxal and pyridoxal 5'-phosphate. As reported previously (Paz et al. 1965; Soda, 1967) , various oc-oxo acids react with MBTH to yield the azines, which give characteristic u.v.-absorption spectra. When oc-oxoglutaric acid was incubated with MBTH at pH 3-4 under the conditions of procedure A, its azine formed exhibited an absorption maximum at 320nm., but no absorption at 430nm., where the absorption maximum of the pyridoxal azine was found (Fig. 4) . The azine of pyruvic acid also had no absorption at 430nm. As shown in Fig. 4 , the presence of a-oxoglutaric acid and pyruvic acid did not influence the absorption of pyridoxal azine at 430nm. Thus pyridoxal can be determined by this method without interference by such a-oxo acids. a-Oxoglutaric acid and pyruvic acid gave rise to small extinctions at 380nm., but there was no absorption at 390nm.
when they were treated with MBTH at pH8O0 by procedure B. The a-oxo acids consequently had no influence on the absorption of pyridoxal 5'-phosphate azine at 390nm., but did so at 380nm., as shown in Fig. 5 . When the extinction of the azine was measured at 390nm., the effect of a-oxo acids was negligible in the determination of pyridoxal 5'-phosphate, although this caused a slight decrease in the sensitivity. The spectrophotometric method with MBTH described here is suitable for the selective determination of pyridoxal and pyridoxal 5'-phosphate in a complex system, e.g. biological fluids.
